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ttcuwirv  CL*i»ll»IC*rtOW  of  This  P»at|Tnn  P««»  Enlmmo 


fnclaiifll  ricii 


(JlK’  Luiiiil  f led 


^ — >A  mov«ble-Vied  moiiel  rcpt'oduo lii|^  about  1.5  mllos  of  thv  Chattahoochop 
Klver  to  an  iituiliitorlod  aouli-  of  nioiiel-to-prototypo , wao  ustal  to  develop 

piatu!  that  would  eliminate  or  reduce  r.boallnK  aut'ficlent  ly  to  permit  unintiT- 
rupted  navlgatton  and  to  Improve  navlf^ation  eondltloiii)  for  lari^er  town  ttiroujr.h 
tile  bend  and  in  the  api>roac)i  to  the  proponed  'dtat  e lUp.hway  10  bridge.  'ITie 
reauitu  of  LUij  inveotiRation  Indicated  the  followiuR:  ^ 

a.  NavlRat.  ion  comiitlonn  in  Suek  Bend  are  affected  Ity  ahoalln^of 
the  chaniiel  in  tlie  bend,  elevation  of  bedrock,  and  adverac 
currenta . 


OhoalitiR  in  the  bend  can  be  eliminated  with  trajIninR  atruoturea 
but  the  ntruoturen  would  not  p>rovlde  rat  la  factory  naviRatlon 
eondltionn  tlw'ouRh  the  bend  and  In  the  approach  to  the  proponed 
State  liiRiiway  10  bridge  for  the  ’.arger  town  tifeaune  of  the 
limited  cliaiinel  width  and  adverse  currenta.  / 

Sat lafactotry  navigation  conditlona  could  boATOvliied  wltli  train- 
ing ntruct^on  and  witli  excavation  and  filling  along  ttie  right 
bank  in  the  bend  to  eliminate  the  Jrregul.i/'itiea  in  the  l-ank 
line  and/increane  tlie  radius  of  ciirvat  ure /of  the  channel  In  ttie 
lower  bwd. 


• iCUKlTT  CL  AMI  PIC  ION  O'  T HIS  P *Ot '■*l•n  P«>a  ITHtcrsrfl 


£.  The  alignment  of  t Ue  currenta  througii  the  proponed  bridge  could 
bi'  improved  with  vane  dikea  along  thdleft  ride  of  t!ie  channel 
uprtreiun  of  tiie  bridge  but  ttie  dikes  Would  reduce  tlie  maneuver 
area  available  auifl  could  lie  a navigation  lia.'.ard. 


so . ABSTKACT  ( Cont  i niied ) . 


Downboi/id  tows  of  the  larger  aiae  (1»35  ft  by  'ffi  ft)  would  tiavc 
to  fl  ahk  to  become  prt'perly  aligned  for  pannage  t.lirougl  the 
bridge  ai'an  even  with  the  realigned  rigiit  t'ank  because  of  the 
short,  approach  to  tlje  bridge  after  making  the  turn  in  the 
Icwer  bend. 


PREFACE 


The  model  investigation  reported  herein  was  authorized  by  the 
Office,  Chief  of  Engineers,  in  an  endorsement  dated  6 April  1972  to  the 
Division  Engineer,  IJ.  S.  Army  llngineer  Division,  South  Atlantic.  The 
study  was  conducted  for  the  U.  S.  Army  Engineer  District,  Mobile,  by  the 
U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  during  the  period 
May  1972  to  March  197^. 

During  the  course  of  the  study,  the  Mobile  District  was  kept  in- 
formed of  the  progress  of  the  study  through  monthly  reports.  In  addi- 
tion, Messrs.  Alien  W.  Kerr,  B.  W.  Odom,  J.  I.  Meredith,  and  A.  J.  Pruett 


of  the  Mobile  District  visited  WES  at  intervals  to  observe  model  tests 
and  discuss  te.st  results. 

The  investigation  was  conducted  in  the  Hydraulics  Laboratory  under 
the  general  supervision  of  Mr.  H.  B.  Simmons,  Chief  of  i.he  Hydraulics 
Laboratory,  and  under  the  direct  supervision  of  Mr.  J.  J.  Franco  (re- 
tired), Chief  of  the  Waterways  Division,  and  Mr.  J.  E.  Clover,  Chief  of 
the  Pottunolo#^  Branch.  The  engineer  in  immediate  charge  of  the  model 
was  Mr.  B.  K.  Melton,  assisted  by  Mr.  T.  J.  Pokrefke  and  Mr.  R.ay  H. 
Emerson.  This  report  was  firepared  by  Messrs.  Melton  and  Franco. 

Directors  of  WED  during  the  course  of  this  investigation  and  the 
preparation  and  publication  of  this  report  were  BG  Ernest  D.  Peixotto, 
CE,  COL  G.  H.  Hilt,  CE,  and  COL  John  L.  Cannon,  CE.  Technical  Director 
was  Mr,  F.  .R.  Brown . 
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CONA/ERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Sl) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this  report  can  he  con- 


verted to  metric  (Sl)  units  as  follows; 


Multiply 


miles  (U.  S.  statute) 
cubic  yards 
cubic  feet  per  second 
feet  per  second 
degrees  (angular) 


O.30U8 

1.6093**J* 

O.T6U55U9 

0.02831685 

O.30U8 

O.OI7U5329 


To  Obtain 


metres 

kilometres 

cubic  metres 

cubic  metres  per  second 

metres  per  second 

radians 


NAVIGATION  CONDITIONS,  SUCK  BEHD  REACH.  CHATTAHOOCHEE 
RIVER,  ALABAMA  AND  GEORGIA 

Hydraulic  Model  Investigation 


PART  I : INTRODUCTION 

1.  The  Chattahoochee  River  forms  the  boundary  between  the  states 
of  Alabeima  and  Georgia  and  provides  navigation  facilities  for  parts  of 
both  states  from  Columbus,  Georgia  (Figure  l),  to  the  Apalachicola  River, 
then  into  the  Gulf  of  Mexico.  An  authorized  9-Tt*  navigation  channel  ex- 
tends from  the  Gulf  of  Mexico  through  the  Jim  Woodruff  Lock  and  Dam,  the 
Columbia  Lock  and  Dfim,  and  the  Walter  F.  George  Lock  and  Dam  to  Columbus, 
Georgia.  A minimum  100-ft-wide  navigation  channel  is  maintained  through- 
out the  waterway. 

2.  Suck  Bend,  which  consists  essentially  of  two  adjacent  and  al- 
ternate bends,  is  located  at  about  river  mile  73.6**  on  the  Chattahoochee 
River  approximately  1.5  miles  below  the  Walter  F.  George  Lock  and  Dam  in 
the  unper  reach  of  the  Columbia  Lock  and  Dam  Pool  which  has  a normal 
pool  elevation  of  102. + Discharge  through  the  Walter  F.  George  Dam  is 
normally  limited  to  powerhouse  releases  5 days  per  week  except  from  De- 
cember to  May,  the  normal  flood  season,  when  all  flows  above  upper  pool 
el  185  pass  uncontrolled  through  the  spillway.  Powerhouse  releases  vary 
during  the  day  from  0 to  29,000  cfs. 

The  Problem 


3.  The  Suck  Bend  Reach  of  the  Chattahoochee  River  has  been  a prob- 
lem area  since  the  completion  of  the  navigation  channel.  Severe  shoal- 
ing has  occurred  in  Suck  Bend  during  flood  stages  and  to  a lesser  degree 


* A table  for  converting  U.  S.  customary  units  of  measurement  to 
metric  (SI)  units  is  given  on  page  3. 

**  River  miles  are  above  the  mouth  of  the  Chattahoochee  River, 
t All  elevations  (el)  are  in  feet  referred  to  mean  sea  level  (msl). 
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during  low  stages  with  normal  powerhouse  releases.  Tlie  shoal  has  been 
removed  after  each  flood  period  by  dredging.  This  dredging  was  required 
one  or  more  times  each  year  from  I965  through  1972  in  quantities  varying 
from  3,000  to  nearly  U0,000  cu  yd  annually.  Normally  there  is  sufficient 
depth  for  navigation  during  powerhouse  operatioti,  which  is  from  7:00  a.m. 
to  11:00  p.m. , Monday  through  Friday.  It  is  difficult  and  sometimes  im- 
possible for  tows  to  schedule  their  arrival  at  this  location  during 
periods  of  operation.  On  weekends  special  arrangements  for  water  re- 
leases have  been  made  to  allow  tows  to  pass  over  the  shoal. 

Need  for  and  Purpose  of  Model  Study 

h.  Developments  within  an  alluvial  stream  and  the  sedimentation 
processes  involved  depend  on  many  factors,  most  of  which  are  interre- 
lated. The  Suck  Bend  Reach  is  also  affected  by  the  elevation  and  con- 
figuration of  bedrock  near  the  surface  of  the  bed,  irregularities  in  the 
right  bank  line  in  the  bend,  and  the  sharp  reverse  turns  in  alignment  of 
the  channel . Because  of  the  complex  nature  of  the  reach  and  the  factors 
affectitig  its  development,  an  analytical  solution  to  the  problem  would 
be  extremely  difficult  and  uncertain.  Therefore,  a model  study  was  con- 
sidered necessary  to  determine  the  effectiveness  of  various  plans  pro- 
posed for  the  reach;  to  develop  modifications  required  to  eliminate  or 
reduce  shoaling  in  the  bend;  and  to  improve  navigation  conditions  for 
larger  tows  through  the  bend  and  the  approach  to  the  bridge  Just 
downstre.'un. 
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FART  II:  THE  MODEL  AND  ITS  VERIFICATION 


Description 

5.  The  model  of  Suck  Bend  was  a scale  reproduction  of  a short 
reach  of  the  Chattahoochee  River  extending  from  river  mile  72.9  to  mile 
7**.!+  (Figure  2)  including  sufficient  overhank  area  to  permit  overbank 
flow  to  approximately  ^0  ft  above  the  normal  pool  elevation  of  102.  The 
model  was  built  to  an  undistorted  linear  scale  of  1:72,  model-to- 
prototype.  The  model  was  of  the  movable-bed  type  with  fixed  banks  and 
the  channel  bedrock  molded  in  sand-cement  mortar  (Figures  3 and  h).  The 
bed  material  was  coal  which  had  a median  grain  diameter  of  about  2 mm 
and  specific  gravity  of  1.31. 

6.  The  fixed  banks  of  the  model  were  molded  in  accordance  with 
data  shown  on  survey  maps  dated  December  1952.  The  bedrock  was  molded 
to  conform  with  limited  dredging  and  boring  survey  data  of  July  1963, 
partially  revised  to  data  of  January  1973.  The  initial  contour  of  the 
movable  bed  of  the  model  was  in  accordance  with  the  configuration  shown 
in  Plate  1,  based  on  the  July  1972  after-dredging  survey.  The  piers  and 
protective  fenders  of  the  proposed  Alabama  State  Highway  10  bridge  were 
included  in  the  model  based  on  plans  submitted. 

Appurtenances 

7.  Water  was  supplied  to  the  model  by  a centrifugal  flow  pump 
operating  in  a circulating  sys'-em  and  was  measured  at  the  upper  end  of 
the  model  by  means  of  two  venturi  meters  of  different  sizes  required  to 
handle  the  range  of  discharges.  Water-surface  elevations  throughout  the 
model  were  measured  with  point  gages.  Tailwater  elevations  at  the  lower 
end  of  the  model  were  controlled  with  an  ad.lustable  tailgate.  Soundings 
in  the  model  were  obtained  by  the  use  of  a sounding  rail  and  a special 
sounding  rod  that  permitted  the  reading  of  elevations  in  prototype  feet 
referred  to  msl.  Bed  material  was  measured  in  a graduated  container  eind 
Introduced  manually  at  the  upper  end  of  the  model.  A sediment  trap  was 
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provided  at  the  lower  end  of  the  model  where  extruded  material  could  be 
accumulated  and  measured  to  determine  the  amount  discharged  for  any 
period.  Sheet  metal  templates  were  used  for  molding  the  model  prior  to 
the  initiation  of  certain  tests.  A row  of  carefully  greided  iron  rails 
was  installed  along  each  bank  of  the  channel  to  support  templates  ajid 
tiie  rail  from  which  the  model  was  surveyed,  to  control  the  grade  of 
dredged  cuts,  and  to  control  the  grade  of  structures  during  installation. 
Current  directions  were  determined  by  plotting  the  paths  of  wooden 
floats  with  respect  to  ranges  established  for  that  purpose;  the  floats 
were  submerged  to  a depth  of  9 ft,  equivalent  to  the  draft  of  a loaded 
barge.  Velocities  were  determined  by  measuring  the  travel  time  of 
floats  over  known  distances. 

8.  A railio-controlled  tow  and  towboat  equipped  with  screw-type 
propellers  were  used  to  study  and  demonstrate  the  effects  of  currents 
and  channel  alignment  on  ruwigntion  through  the  bends  and  in  the  bridge 
approaeii.  Tiie  towl'oat  could  be  made  to  run  in  forward  or  reverse  and  at 
various  speeds  comparable  to  those  of  towboats,  whicii  travel  the  Chattu- 
liooctiee  River. 


Model  Verification 


Principle  involved 

9.  before  a movable-bed  model  can  be  used  to  determine  the  effec- 
tiveness of  proponed  improvement  plans,  its  ability  to  reproduce  condi- 
tions similar  to  those  expected  in  the  prototype  must  bo  demonstrated, 
because  of  various  dissimilarities  between  model  and  prototype,  the  de- 
gree of  reliability  of  thin  type  of  model  cannot  be  fully  established  by 
m.atliematical  analysis  and  must  be  based  on  model  verification.  Verifi- 
cat.ion  of  tlic  model  involves  the  ad^lustment  of  the  various  hydraulic 
forces,  time  scale,  rate  of  Introducing  bed  material,  and  model  operat- 
ing technique  until  it  reproduces  witli  acceptable  accuracy  the  chmiges 
known  to  have  occurred  in  the  prototype  during  a given  period.  The  veri- 
fication would  establ  ist\  tlie  vario\ui  scale  relations  and  model  operating 
proi'edure  and  indicate  tlie  degree  of  similitude  tiiat  could  be  expected. 
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Flow  conditions 


10.  In  order  to  rejiroduce  developments  in  the  model  comparable  to 
thost'  which  occurred  in  the  river,  it  is  necessary  that  the  model  repro- 
duce flow  conditions  affecting  developments  in  the  river  similar  to 
those  whicii  occurred  In  the  river.  Since  flow  in  the  river  was  mostly 
intermittent  based  on  powerhouse  releases,  it  was  not  practical  to  re- 
produce the  flows  exactly  as  they  occurred  because  of  the  short  time 
scale  relation  between  model  and  prototype.  Accordingly,  a composite 
hydrograph  was  developed  based  on  prototype  discharge  data  covering  a 
period  of  1 year.  This  liydrograph,  shown  in  Plate  2,  indicates  the 
cumulative  time  when  there  was  flow  through  the  poweriiouse  and  over  the 
spillway  sufficient  to  affect  movement  of  bed  material  during  the  year. 

The  water-surface  elevations  for  the  flows  reproduced  were  based  on  data 
obtained  at  the  proposed  State  Highway  10  bridge  located  about  1200  ft 
downstre.'im  of  the  problem  area. 

> Model  ad.lur.tment 

i 11.  Adjustment  of  the  model  was  started  with  the  movable  bed 

! molded  to  the  after-dredging  sur'voy  of  July  1972  (Plate  l)  and  the  model 

E 

I was  operated  by  reproducing  the  flow  hydrograph  shown  in  Plate  2.  Dur- 

I ing  the  operation,  the  rate  of  introducing  bed  material  in  the  upper  end  ' 

of  the  model , the  discharge  scale  relationship,  and  the  time  scale  ratio 
were  varied  until  the  model  reproduced  generally  the  conditions  indi- 
cated by  the  partial  surveys  of  April  1969,  August  1969,  and  March  1971 

shown  in  Plate  3.  These  were  the  only  surveys  available  for  comparison  . 

with  the  model  results.  ' 

Results  ^ J 

12.  The  results  of  the  final  adjustment  and  verification  test,  ; 

shown  in  Plate  3,  indicate  that  the  configuration  of  the  model  bed  in  | 

the  problem  area  was  similar  in  location,  area  of  shoaling,  eind  height  ' 

of  shoal  to  that  of  the  various  prototypes  in  before-dredging  surveys, 

I also  shown  in  Plate  3.  Kxcept  for  the  survey  of  July  1972,  r ■>  other 

prototype  surveys  covering  tlie  reach  upstream  and  downstream  of  the  prob- 
lem area  were  available  for  comparison  with  the  model.  Based  on  the 
July  1972  prototype  survey,  the  model  Indicated  a somewhat  greater 
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tendency  Tor  shoalinp;  of  the  channel  upstream  of  the  problem  area  and 
greater  shoaling  along  tlie  right  bank  dovnistream. 

13.  The  results  obtained  during  the  verification  tests  indicated 
that  the  model  reproduced  ttie  problem  in  Suck  Bend  and  tlie  gt'tieral  char- 
acteristics of  the  streiiin  with  sufficient  accuracy  to  permit  tlie  st.vidy 
of  various  proposed  Improvement  plans,  iiowever,  the  greater  tendency 
for  the  model  to  shoal  in  the  reaches  above  and  below  tiie  problem  area 
should  be  considered  in  the  evaluation  of  tiie  results. 
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PART  III:  TESTS  AND  RESULTS 

Test  Procedure 

lU.  Tests  were  concerned  with  the  development  of  plans  designed 
to  el iminate  or  reduce  shoaling  in  Suck  Bend  sufficiently  to  permit  con- 
tinuous navigation  during  periods  of  little  or  no  flow  from  upstream  and 
to  improve  navigation  conditions,  particularly  for  larger  tows.  Most  of 
the  plans  tested  were  preliminarj'  in  nature  and  are  not  covered  In  this 
report  since  the  results  were  used  to  develop  some  of  the  basic  plans 
that  appeared  to  produce  favorable  results. 

15.  Tests  of  plans  were  started  with  the  bed  of  tlie  model  molded 
to  the  conditions  indicated  by  the  July  1972  prototype  survey  (Plate  l) 
or  with  the  model  bed  as  obtained  at  the  end  of  the  preceding  test. 

Tests  oi’  the  basic  plans  were  started  with  the  bed  molded  to  conform  to 

K ^ the  prototype  survey  and  comprised  two  reproductions  of  the  hydrograph 

shown  in  Plate  2.  Current  directions  and  velocity  measurements  were 
obtained  at  the  end  of  some  of  the  tests,  and  navigation  conditions  were 
determined  with  the  ^odel  towboat  and  tow  having  a length  of  ^35  ft  and 
width  of  78  ft  (prototyjie ) . 

Preliminary  Tests 

I 16.  Plans  A to  F were  designed  to  provide  some  general  Informa-  1 

tion  on  the  effectiveness  of  various  dike  systems  and  the  results  were  ' 

used  to  develop  Plan  G.  In  the  preliminary  tests  the  location,  number,  - j 

length,  alignment,  and  elevations  of  rock  dikes  were  varied  to  determine  ; 

their  relative  effectiveness.  | 

r Plan  G 

^ Description 

17.  Plan  G was  based  on  the  results  of  the  preliminary  tests  and 
included  four  rock  dikes  along  the  left  bank  upstream  of  the  first  bend 
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and  two  dikos  alonr;  the  right  bank  in  the  vicinity  of  the  second  bend  as 
shown  in  Plate  h.  Along  the  left  bank,  the  two  dikes  farthest  upstream 
were  angled  about  50  deg  toward  the  downstream  and  the  other  two  were 
placed  normal  to  the  channel  alignment.  Elevations  of  the  crest  of  the 
left  bank  dikes  were  at  107  for  the  upper  dike  and  at  110  for  the  remain- 
ing dikes  downstream.  The  lengths  of  the  dikes  were  250,  2l40,  210,  and 
lli0  ft  from  upstream  to  downstream. 

l8.  The  upper  right  bank  dike  was  angled  toward  the  downstream 
extending  from  the  Rock  Mound  and  then  angled  to  the  left  (riverward) 
about  i+0  deg.  The  crest  of  the  dike  sloped  from  el  112  at  the  bank  end 
to  el  107  at  its  river  end.  The  second  right  bank  dike  was  220  ft  long 
with  its  crest  sloping  from  el  112  at  the  bank  end  to  el  107  at  the 
river  end. 

Results 

19-  The  results  shown  in  Plate  U indicate  a continuous  channel 
through  the  entire  reach  of  more  than  project  width  and  depth.  Scouring 
occurred  just  downstream  of  the  third  left  bank  dike  from  upstream  and 
the  material  scoured  was  deposited  between  the  third  and  fourth  dike  and 
below  the  fourtii  dike.  The  depth  of  scouring  and  its  effect  on  the  sta- 
bility of  the  dike  would  depend  on  the  elevation  and  nature  of  the  bed 
rock  downstream  of  the  dike. 

20.  In  general,  the  test  results  of  this  plan  indicate  that  the 
structures  included  in  Plan  G would  be  effective  in  eliminating  shoaling 
in  Suck  Bend  under  the  conditions  tested.  Comparison  of  the  results  of 
this  test  and  those  of  the  verification  test  also  indicates  considerable 
improvement  in  the  channel  upstream  and  downstream  of  the  problem  area. 

Plan  I 

Description 

21.  Plan  ir  was  a preliminary  plan  designed  to  determine  the  ef- 
fectiveness of  modifications  in  the  left  bank  dike  system  of  Plan  G that 
would  eliminate  or  reduce  the  scouring  on  the  end  of  the  tliird  dike  from 
upstream.  Plan  I,  based  on  the  results  of  the  preliminary  test  of 
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Plan  H,  waa  the  same  as  Plan  G except  for  the  following  (Plate  4); 

a.  A dike  was  added  along  the  left  bank  between  the  third 
and  fourtii  dike  from  upstream  of  Plan  G.  Tlie  dike  was 
225  ft  long  with  top  at  el  110. 

The  lower  dike  on  the  right  bank  was  eliminated. 

Results 

22.  Tiie  results  shown  in  Plate  4 indicate  that  most  of  the  scour- 
ing at  the  end  of  tiie  third  dike  along  the  left  bank  noted  in  the  Plan  G 
test  was  eliminated  and  a reasonably  good  channel  was  maintained  through 
the  entire  reach.  Tests  with  the  model  towboat  and  tow  indicated  that  a 
435-  by  TB-ft  tow  would  experience  considerable  difficulty  in  navigating 
the  reach  because  of  the  sharp  turns  and  the  additional  channel  widtii 
required  by  tiie  tow  in  negotiatiiig  the  turns. 

Plan  J 

Description 

23.  Plan  J was  tiie  s«irae  as  existing  conditions  except  for  excava- 
tion along  tiie  right  bank  from  Just  above  Rock  Mound  to  Just  upstream  of 
the  proposed  State  lligliway  10  bridge  (Plate  5).  Tiie  excavation,  which 
included  the  removal  of  Rock  Mound,  iiad  a bottom  elevation  of  92  and 
was  designed  to  increase  tiie  width  and  radius  of  tiie  ciiannel  througii  tiie 
lower  bend . 

Results 

24.  Tiie  results  of  the  test  of  Plan  J,  shown  in  Plate  5,  indicate 
extensive  shoaling  along  the  left  side  of  tiie  excavated  area  and  in  tiie 
channel  to  the  left  of  tiie  excavation.  There  was  also  considerable 
siioalLng  in  tiie  ciiannel  upstream  compared  witii  tiie  results  of  tests  of 
Plans  G and  T. 


Plan  L 

Description 

25.  P ,ui  K was  a preliminary  plan  tested  to  determine  structures 
and  modifications  tiiat  would  be  effective  in  developing  a satisfactory 
ciiannel  tlirough  tiie  reacii  with  the  excavation  of  Plan  J.  The  results  of 


PLaii  K were  used  to  develop  Plan  L which  included  four  dikes  along  the 
left  bfuik  as  shown  in  Plate  The  upper  three  dikes  were  the  same  as 
the  first,  second,  and  fourth  dikes  from  upstream  of  Plan  I with  the  ad- 
dition of  a 275-ft-long  dike  opposite  the  excavated  area  with  crest  at 
el  110. 

Results 

26.  The  results  shown  in  Plate  5 indicate  that  the  dikes  included 
in  this  plan  were  effective  in  developing  a channel  of  more  than  pro.lect 
width  and  depth  througli  the  entire  reach.  Scouring  occurred  at  the  end 
of  the  third  dike  along  the  left  bank  with  some  shoaling  upstream  of  tlie 
dike  and  downstream  of  the  scour  hole.  Tlie  attack  on  the  dike  and  flow 
along  the  right  bank  produced  irregular  curretits  in  the  bend  that  could 
adversely  affect  i\avigation. 


Plan  P 


Description 

27.  Plan  F was  based  on  preliminary  tests  of  Plans  M,  N,  and  0 

designed  to  improve  the  alignment  of  tne  currents  in  the  bend.  This 

plan  was  the  same  as  Plan  L,  except  for  the  following  (Plate  6); 

An  addii,  ional  50  ft  was  excavated  along  tlie  right  bank 
in  the  bend  to  el  02. 

b^.  The  fourth  dike  of  Plan  I.  opposite  tlie  excavation  was 
lengthened  to  290  ft  and  the  top  of  the  dike  lowered  to 
el  105. 

c_.  A dike  200  ft  long  with  top  elevation  of  110  was  added 
between  the  third  mid  fourth  dike  along  the  left  bank. 

Results 

28.  Results  shown  in  Plate  6 indicate  that  a channel  of  more  than 
project  width  and  depth  was  maintained  through  the  entire  reach.  The 
alignment  of  the  channel  through  the  lower  bend  was  better  than  with 
Plan  L,  but  there  was  little  improvement  in  the  alignment  of  the  cur- 
rents in  the  upper  bend. 
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Desor  Ipt.  ion 

J'-).  Till'  foiitiiros  of  rifui  L'  wore  bfii-od  on  prelimiiniry  toRts  of 

Plans  vi  and  I\  wliu’li  wore*  dosignod  to  itnprovo  currotitf^  tlirougJi  t lio  bond 

obsorvod  with  Pl:uis  !■  and  P.  This  plan  was  the  same  as  Plan  P oxoopt 

for  tho  following  (Plate  f ) : 

Tho  third  diko  alotig  tho  loft,  bank  from  upstream  was 
ft.  long  with  top  at  ol  110.  Tho  foxirth  diko  was 
PP''  ft  long  with  top  at  ol  111  juid  tho  fift-h  dike  op- 
posite tho  excavated  right  bank  was  310  ft.  long  with  top 
at  ol  110. 

Tho  scallop  in  tho  right  bank  near  the  lower  end  of  the 
upper  bend  was  filled  to  el  110  with  noiu'rodiblo  material 
to  form  a smooth  curve  tyitig  in  with  the  excavated  bank 
dcwnstreiim. 

c_.  The  deep  channel  along  the  right,  bsuik  in  the  upper  bord 
was  filled  with  nonerodible  material  to  el  '■>2  as  siiown  in 
Plate  T. 

Hesul ts 

30.  Tlie  results  sliown  i!>  Plates  Y and  i'  indicate  tliat  a chajuiel 
of  more  tlian  project  widt.ti  Jiiul  deptii  was  maintained  tiirougii  t.iie  roacii 
witii  COI1S iderablo  improvement  in  tiie  (ilignmont  of  the  currents  t iirough 
tlu'  bonds.  Tlu'  channel  tiirougli  t!ie  lower  bend  and  downstrejwi  was  sv'me- 
wiiat  wider  tluui  obtained  with  I'lan  !\  Velocities  of  currents  affecting 
navi  gat  ion  tlirougli  tiic  bends  were  generally  moderate,  varying  betweeTi 
3 and  -’j  fps  witli  tht'  10,000-  fuid  P‘',000-cfs  flows  fuid  slightly  tiigtier 
witt\  tile  b0,000-cfs  flow  (i’late  6),  Ourrent.s  were  generally  parallel  to 
the  bank  linos  except,  near  the  proposed  Otate  liigliway  10  bridge  where 
currents  t endeil  to  move  toward  the  loft  bank  ptu'ticularly  during  t he 
lowei'  flows.  Wo  navigation  difficulties  wt're  indicated  for  tows  up  to 
a length  of  !t3''  ft  and  width  of  7?  ft.  because  of  the  limited  approach 
distance,  downbound  tows  of  the  larger  sii'.er.  would  have  to  flank  to 
maintain  satisfactory  alignment  f'or  passage  through  the  bridge  span 
after  making  the  turn  in  tlu'  lower  bend. 
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Plan  T 

Description 

31.  Plan  T was  designed  in  an  effort  to  improve  the  alignment  of 
currents  through  the  proposed  State  Highway  10  bridge.  The  plan  was 

the  sjune  as  Plan  S except  that  two  vane  dikes,  each  150  ft  long,  were 

located  along  the  left  side  of  the  channel  downstream  of  the  lower  left 
bank  dike  (Plate  9).  The  dikes,  which  had  a top  elevation  of  110,  were 
placed  at  a slight  angle  to  the  alignment  of  the  currents  and  spaced 
150  ft  apart. 

Results 

3?.  Results  shown  in  Plates  9-10  indicate  that  the  vane  dikes 
were  effective  in  diverting  sediment  toward  the  left  bank  and  in  improv- 
ing the  alignment  of  the  currents  appi-oaching  the  bridge,  particularly 
with  the  10,000-  and  25,000-cfs  flows.  Except  for  the  deposition  along 

the  left  hank  near  the  vane  dikes,  the  channel  thro\agh  the  reach  was 

about  the  sfune  as  w’th  Plan  S.  Navigation  conditions  for  downbound  tows 
approaching  the  bridge  were  somewhat  better,  particularly  with  the  lower 
flows.  However,  the  larger  tows  would  still  have  to  flank  to  make  a 
satisfactory  approach  to  the  bridge  span  and  the  vane  dikes  would  limit 
the  maneuver  area  available  upstream  of  the  bridge. 
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PART  IV:  DISCUSSION  OF  RESULTS  AND  CONCLUSIONS 


Limitation  of  Model  Results 


33.  The  evaluation  and  interpretation  of  results  from  movable-bod 
model  studies  have  to  be  based  on  the  degree  of  similarity  between  model 
and  prototype  as  indicated  by  the  model  verification.  The  conventional 
method  of  verifying  models  of  this  type  was  not  possible  in  this  study 
because  of  the  lack  of  adequate  prototype  data.  Because  of  the  inter- 
mittent flow  based  on  daily  variations  in  powerhouse  releases,  it  was 
not  rraotical  to  reproduce  in  the  model  the  discharges  as  they  actually 
occur  in  the  prototype.  Developments  in  the  reach  were  also  affected  by 
the  configuration  and  elevation  of  bedrock  which  had  to  be  reproduced  in 
the  model  based  on  limited  data. 

3U.  The  model  was  adjusted  until  it  reproduced  the  shoaling  prob- 
lem in  Suck  Bend  based  on  partial  before-dredging  surveys  made  during 
the  period  April  I968  to  March  1971.  In  spite  of  the  limitations  men- 
tioned above,  the  results  of  the  final  adjustment  (verification  test) 
indicated  that  the  model  was  capable  of  reproducing  the  shoaling  tenden- 
cies in  Suck  Bend  and  the  general  characteristics  of  the  prototype 
stream  with  sufficient  accuracy  to  permit  the  study  of  the  proposed 
plans  and  to  determine  the  relative  effectiveness  of  the  various  plans. 

35.  Developments  within  the  reach  under  study  will  depend  to  some 
extent  on  flow  conditions  and  the  rate  of  sediment  movement  in  the  reach. 
Since  the  verification  test  and  tests  of  improvem.ent  plans  were  con- 
ducted with  the  same  flow  condition  and  rate  of  sediment  movement,  the 
effectiveness  of  an  improvement  plan  should  be  based  on  a comparison  of 
the  results  of  the  tost  of  that  plan  with  the  results  of  the  verifica- 
tion test. 


Summary  of  Results  and  Conclusions 

36.  The  following  results  and  conclusions  were  indicated  from  the 
model  study: 
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n.  Nnvi^^‘ltioIl  I'oiuilt.ioiu'  in  Bond  woro  iil'i'ootod  By 

si\o(vlinK.  oonl'ifTiirntion  .■uul  olovtit  ion  of  BodrooK , mid 
ndvomo  ourronln. 

K BhotiliiiK  in  Buok  Bond  omi  he  ollmintitod  witli  trnlnin^* 
nt  rvio*.  uro:' , But  tho;'-o  nt  ruoturon  would  not  v'*''-''’ Ido  luit - 
inrnolory  nnv ion  oondltioius  I lirout-':!!  ‘lio  Bond  oi-  in 
till'  ;i{'prc>(u'li  to  t tio  propoi'.od  Btnti'  lllf-Thwny  10  Brldf-to  for 
Inr^or  town  wlttiout.  romoviiift  nomo  of  t ho  i rro^'ii  i t I or. 
in  t lio  nl  i f-nimont  of  t iio  rl^lit  Ivink. 

o_.  Bho.'iling  in  Buok  Bond  oould  Bo  oi  imin.nt oil  witli  rook  liikiv. 
.•iloiit.'.  tlio  loft  Bunk  nr.  in  Plnn  I.  But  nnvi  f-^nt  ion  oondi- 
t ionr  would  ttuid  to  Bo  lur.’.nrdour  for  dovniBound  town  'oo- 
onuno  of  .ndvorr.o  ourrontn  mui  nBurV  turnn. 

But  v;; fnotory  nnv if-tnt  ion  oonditionr  oould  t'o  providc'd  witii 
rook  dikor.  nlong  t lio  loft  Bnnk  nnd  oxonvn*.  ion  nn.t  fi'liuf.'. 
nloiift  t!io  rifttit  B.nnk  to  Improvo  oJinnnol  n!  ittnmont  nr.  In 
ri;ui  B.  Kvou  witli  thin  pliui,  Inri-to  dowuBound  tv'vr.  would 
hnvo  to  do  nomo  fl.nnkiuft  Boonuno  of  t ho  r.hort  nppronoh  t»' 
t ho  Brid^o  nftt'r  nof-tot  intliif^  t ho  Bond  ,lunt  upntrofun. 

I’ho  nd.dition  of  two'  vtuio  dikon  lUong  t ho  loH  r ido  of  tho 
oh.'innol  ,'unt  upntronni  of  tho  Bridj^o  nr  in  Pl.-ui  ? wi'u’.d 
ojiurr  nodiru'iit  to'  B<'  dopv'nitod  nlo'iig  tho  K'ft  Bnnk  nnd 
inprovo  tho  nlip,nmont  of  tho  ourrontn  throu^’■,h  tho  Bridp.o 
npnn.  tk'wovi'r,  tho  dikor  wo'uld  roduoo  tho  nnnouvor  nron 
nvnilnBlo  fi'r  do'wuBo'iuui  to'wr  nppronoh  iuft  t ho  Bri  dp.o  .nftor 
nof.'ti't  int  in^:  tho  Boiui  uprt  rotuii  niul  oo'uUi  oo'iirt  i tut  o n nnvi- 
tt.nt  ii'n  h.nr.nrd. 
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